
Measur ement of the
Top Quar k Char ge

at DØ

Sara Strandber g, Stockholm University

For the DØ Colla bor ation

SARA STRANDBERG, STO C KHO LM UNIVERSITY DPF 2006, HO NO LULU, HAWA II



INTRO DUC TIO N

Introduction

� It is widely belie ved that the par ticle found at Fermila b in 1995 is
the top quar k predicted in the Standar d Model.

� So far only pair produced top quar ks
hav e been obser ved.

� Single top production via the EW
interaction is yet to be disco vered.

� Currently measur ed proper ties are
consistent with those of the SM top.

� Man y proper ties still poor ly known.

� Electr ic char ge was not deter mined.
Artist: Jan-Henr ik Ander sen
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STANDARD M O DEL TO P Q UARK DECAY

Standar d Model Top Quar k Decay

� In the SM, top decays to W b almost 100% of the times .

� Thusthe �nal state is deter mined by the decay of the W .

� In the lepton+jets channels:

- One W boson decays leptonically .
(W ! e=� + � )

- One W boson decays hadr onically .
(W ! q�q0)

- Final state contains 4 jets, one lepton and 6E T .

- Clean signal and large BF(� 34%).
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STANDARD M O DEL TO P Q UARK DECAY

� In the SM the top quar k has
char ge q = +2e=3.

� Ambiguity when pair ing the
W boson to the b quar k jet in
top pair events .

� Discovered par ticle can hav e
char ge jqj = 2e=3 or jqj = 4e=3.

� Model exist which introduce
exotic doublet with char ges
q = � 1e=3 and � 4e=3 [*].

� The q = � 4e=3 would be the
quar k obser ved at Fermila b.

� The SM top quar k in this model
would be heavy (� 270GeV).
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[*] D. Chang, W. Chang, E. Ma, Phys. Rev. D 59, 091503, 61, 037301, D. Choudhur y, T. M. Tait, C. E. Wagner , Phys. Rev. D 65 053002.
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TEVATRO N AND DØ

Tevatron and DØ

� Fermila b is the only place where
top quar ks can be produced.

� Collide p and �p at
p

s = 1:96 TeV.

� Two exper iments , CDF and DØ.

� DØ isa multipur pose detector .

� Centr al trac king, calor imeter and muon system up to large � .

SARA STRANDBERG, STO C KHO LM UNIVERSITY DPF 2006, HO NO LULU, HAWA II



THE DATA SAM PLE

The Data Sample

� Use 370 pb � 1 of DØ data in the lepton+jets �nal states .

� Events must hav e:

- One e or � .

- Large 6ET .

- � 4 jets.

- 2 jets b-tagged by the
secondar y vertex algor ithm.
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� These cuts give a very clean t �t sample of 21 events .

� Two b-tagged jets gives lessambiguity when pair ing jets to W s.
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THE TO P Q UARK C HARG E

The Top Quar k Charge

� The char ge of the top quar k is given by the sum of the char ges
of its decay products .

� We measur e the a bsolute value of the top quar k char ge as:

- Q1 = jql + ql
bj.

- Q2 = j � ql + qh
b j.

1. Deter mine char ge of lepton.

2. Measur e char ges of b-jets.
- Using jet char ge algor ithm.

3. Associate ql
b and qh

b .
- Using a kinem atic �t.
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THE JET C HARG E ALG O RITHM

The Jet Charge Algor ithm

� Sum the char ges of the trac ks
associated with the jet.

� The sum is pT weighted.

� Performance in Monte Car lo is
given by jet-par ton matching.

� Monte Car lo isuna ble to descr ibe
�ne details of trac king, such as hit
multiplicities etc.

� Need to get perf ormance of jet
char ge algor ithm on data.
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CALIBRATIO N USING DATA

Calibra tion Using Data

� Select a “pur e” b�b sample in data by the Triple Tag method.

m

Probe JetTag Jet
Primary Vertex

Secondary Vertex

Tagging

- Exactly 2 jets bac k-to-bac k (� � > 3:0).

- Both jets tagged by the SVTalgor ithm.

- One jet tagged by the muon tagger .

� Use char ge of tag muon to deter mine if probe jet is from b or �b.
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CALIBRATIO N USING DATA

� The Triple Tag method iscomplicated by processes changing the
sign of the tag muon:

- Char ge of muon misidenti�ed.

- Comes from a cascade
decay (B ! D ! � etc).
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� Sample also contains bac kground (mostly c�c).

� De�ne also a Double Tag sample where the � -tagged jet is not
requir ed to be SVT-tagged.

� The Double Tag sample has different fractions of c�c and char ge
�ipped b�b events .
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CALIBRATIO N USING DATA

� Get fraction of c�c events from
data using p�

T relativ e to jet axis.

� Get fraction of events with
char ge �ipped muon from MC.

� Extract jet char ge distribution
for b, �b, c and �c from Triple Tag
and Double Tag data.
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PAIRING W BO SO N AND b Q UARK

Pair ing W Boson and b Quar k

� Use a kinem atic �t to pair the b-jets with the W bosons .

� Same �t as is used in top mass analyses .

� With 4 jets in the event ther e
are 12 possible combinations .

� Only 2 possible combinations
if we assume the 2 b-tagged
jets come from the top decay .

� Only allo w the SVTtagged jets
to be assigned as b-jets.
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� Out of the 2 possible combinations , pic k the lowest � 2 solution
(corr ect 85% of the times).
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EXPEC TED TO P Q UARK AND EXOTIC Q UARK C HARG E

Expected Top Quar k and Exotic Quar k Charge

� Mak e kinem atic �t on t �t MC
events to assign jets to W s.

� Obtain the jet �av ors from
the MC information.

� Use jet char ges der ived on
data and the measur ed
lepton change to obtain
top/exotic quar k char ge.

� The expected quar k char ge
distribution for bac kground is
obtained from W bbjj MC in
same way as for signal.

Standar d model:
Q1 = jql + ql

bj

Q2 = j � ql + qh
b j

Exotic model:
Q1 = jql + qh

b j

Q2 = j � ql + ql
bj
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RESULT

Result

� There are 21 events in the double-tagged lepton+jets sample.

� The kinem atic �t con verges in 16 out of these 21 events .
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Stat. uncer tainty only 95.8
+ Frac. of c�c events 95.8
+ Char ge-�ipping 95.7
+ Reweighting, pT and y 94.4
+ Frac. of �av or creation 93.7
+ Stat. err. on Pf 93.3
+ Jet ener gy calibr ation 92.4
+ Top quar k mass 92.2

� Likelihood ratio test excludes exotic hypothesis at 92% C.L.
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FRAC TIO N O F EXOTIC Q UARK PAIRS

Fraction of Exotic Quar k Pairs

� The exclusion limit is based on 100% exotic quar ks.

� Estimate fraction of exotic quar ks using a maxim um likelihood �t.
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� � = � 0:13� 0:66� 0:11.

� � < 0:52 @68% C.L.

� � < 0:80 @90% C.L.
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SUM M ARY

Summar y

� The hypothesis of the quar k seen at Fermila b being
an exotic quar k with char ge jqj = 4e=3 is excluded
at 92% C.L.

� Limits on the fraction of exotic quar ks in the
lepton+jets sample are:

� < 0:52 @68% C.L.

� < 0:80 @90% C.L.

� The analysis is submitted to Physics Review Letter s.
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BAC KUP SLIDES

Backup Slides
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BAC KUP SLIDES

� Jet char ge distributions of probe jet (P� + , P� � ) isa function of:

- f c�c: Fraction of c�c events (from data using pr el
T �ts).

- f f l ip : Fraction of events with a char ge �ipped muon (from MC).

- Pc, Pb, P�c, P�b: Real jet char ge distributions for b- and c-jets.

� For ex. P� + = Pb ! P� + = (1 � f f l ip � f c�c) � Pb + f f l ip � P�b + f c�c � P�c.

Triple Tag Sample:

P� + = 0:69Pb + 0:30P�b + 0:01P�c

P� � = 0:30Pb + 0:69P�b + 0:01Pc

� Double Tag Sample: � -tagged jet not req. to be SVTtagged).

Double Tag Sample:

P� + = 0:567Pb + 0:243P�b + 0:19P�c

P� � = 0:243Pb + 0:567P�b + 0:19Pc
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C O NFIDENC E LEVEL

Con�dence Level

� Use likelihood ratio test to
extract C.L.

� � =
Q

i
Psm (qi )Q

i
Pex (qi )

.

� � data = 4:27.

� Exclusion of exotic hypothe-
sisfrom data:

1� � = 1�
Z 1

� data

� E X d� = 92:2%:
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